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Summary
Introduction:  Spine  surgery  is  known  to  have  a  high  risk  of  surgical  site  infection  (SSI).  Multiple
studies have  looked  into  the  risk  factors  and  incidence  of  SSI  during  elective  surgery,  but  only
two retrospective  studies  have  speciﬁcally  evaluated  SSI  during  surgery  following  spine  trauma.
Materials  and  methods:  This  work  was  based  on  a  prospective  cohort  study  that  included  all
the patients  operated  on  for  spinal  trauma  at  13  French  hospitals  over  a  three-month  period.
The main  endpoint  was  the  occurrence  of  a  SSI  during  the  three-month  period.  Patients  with
multiple trauma  or  open  fractures  were  excluded  from  the  study.
Results:  Of  the  169  patients  re-examined  after  a  minimum  of  three  months,  six  had  had  an  acute
SSI (3.55%).  The  following  factors  were  signiﬁcantly  related  to  a  SSI:  age,  ASA  score,  diabetes,
procedure  duration,  delay  elapsed  between  accident  and  procedure,  number  of  levels  fused,
bleeding and  prolonged  presence  of  urinary  catheter.
Discussion:  Our  results  were  consistent  with  the  published  infection  rates  of  2  to  10%.  The  risk
factors identiﬁed  have  all  been  described  in  previous  studies  on  elective  spine  surgery.
Level of  evidence:  Level  IV,  pro
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72  hours  between  the  accident  and  procedure,  procedure
longer  than  three  hours,  more  than  three  levels  fused,  sig-
niﬁcant  bleeding  (>  600  cc).  Among  hospitalisation-related
variables,  only  the  presence  of  a  urinary  catheter  for  moreSurgical  site  infections  in  spinal  trauma  
Introduction
Surgeons  dread  the  possibility  of  a  surgical  site  infection
(SSI).  Its  nosocomial  nature  is  known  by  the  patient  and  may
engage  the  responsibility  of  the  surgeon  and/or  health  facil-
ity  [1].  But  since  published  infection  rates  vary,  it  is  difﬁcult
to  speciﬁcally  outline  the  potential  risk  to  the  patient.  For
spine  surgery,  these  rates  range  from  1  to  9%  [2—4]. In  spinal
trauma,  the  SSI  rate  is  even  higher  — 10%  or  more  based  on
some  published  reports  [4,5]. Although  many  SSI  risk  fac-
tors  have  been  identiﬁed  for  elective  spine  surgery  [6]  and
general  trauma  [7—9], little  information  exists  for  spinal
trauma,  other  than  the  studies  performed  by  Blam  et  al.  [4]
and  Rechtine  et  al.  [5].  But  information  about  these  risk  fac-
tors  is  essential  to  preventing  and  controlling  the  infection
[3,10—12].  The  goals  of  the  current  study  were  to  precisely
deﬁne  the  SSI  rate  and  to  determine  the  speciﬁc  risk  factors
in  a  population  of  spinal  trauma  patients  in  France,  through
a  prospective,  multicentre  study.
Material and methods
A  prospective,  multicentre,  cohort  study  involving  13  French
hospitals  was  performed  over  a  three-month  period  with
a  minimum  of  three  months  of  postoperative  follow-up.
All  spinal  trauma  patients  requiring  surgery  for  a  verte-
bral  injury  (fracture,  serious  ligament  injuries)  between  C1
to  L5  were  included.  The  internal  ﬁxation  could  extend  to
the  cranium  or  sacrum.  Multiple  trauma  patients  and  those
with  open  fractures  were  excluded  so  the  study  could  more
speciﬁcally  evaluate  the  other  risk  factors.  To  analyse  risk
factors,  the  most  possible  information  was  collected  about
the  patient,  accident,  type  of  fracture,  procedure,  events
during  the  hospitalisation,  and  the  clinical  outcome  of  the
patient  after  the  third  month  (Table  1).  Additional  descrip-
tive  information  and  treatment  strategies  were  collected  in
patients  with  a  SSI.
A univariate  analysis  was  performed  to  evaluate  the
relationship  between  risk  factors  and  the  appearance  of  a
SSI.  Missing  data  were  not  censured  because  they  consisted
less  than  5%  of  the  series.  Non-parametric  tests  were  used
because  the  conditions  for  parametric  testing  were  not
met  (sample  size  too  small  and  variables  not  normally
distributed).  Fisher’s  Exact  test  was  used  for  categorical
variables  and  the  Wilcoxon  test  was  used  for  continuous
variables.  The  signiﬁcance  threshold  was  set  at  P  <  0.05.  A
Table  1  Potential  risk  factors  evaluated  in  this  analysis.
Patient  (8)  Fracture  (2)  Surgi
Age  Site  Dura
Gender Neurological  impairment  Time
BMI Appr
ASA Num
Diabetes Delay
Smoking Bleed
Alcohol  consumption  Intra
PAI/AC
PAI: platelet aggregation inhibitors; AC: anticoagulants; BMI: body mas789
ultivariate  analysis  was  not  performed  because  the  small
umber  of  positive  events  (infection)  in  this  study  did  not
eet  the  guidelines  for  such  an  analysis  [12]. Statistical
nalyses  were  performed  with  the  software  R  (v  10.13/  R
evelopment  Core  Team  [2011]).
esults
uring  the  recruitment  period,  only  171  of  the  256  eligible
atients  met  the  inclusion  criteria.  Most  of  these
atients  were  men  (70%).  The  average  age  was  50  years
±  20.1  years).  There  were  few  co-morbidities  (ASA  1  in  86%
f  cases).  In  one-third  of  cases,  the  accident  occurred  at
ome.  Fewer  than  25%  of  patients  presented  with  a  neuro-
ogical  deﬁcit  upon  admission.  A  summary  of  the  study  data
s  given  in  Table  2.  Only  two  of  patients  were  lost  to  follow
p  at  the  last  review.  Three  months  after  inclusion,  six  SSIs
ere  observed,  which  corresponds  to  an  average  SSI  rate  of
.55%  (Fig.  1).
The  univariate  analysis  found  many  signiﬁcant  risk  fac-
ors:  age,  ASA  score  more  than  1,  diabetes,  more  thanFigure  1  Flow  chart  for  the  study.
cal  procedure  (7)  Hospitalisation  (3)
tion  Bed  rest
 Drain
oach  Urinary  catheter
ber  of  instrumented  levels
 between  accident  and  procedure
ing
-operative  transfusion
s index.
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Table  2  Univariate  analysis  of  patient-related  and  trauma-
related  surgical  site  infection  risk  factors.
Number  (%)  Infection  (%)  P
Age  0.02
< 35  45  (26.32)  0
35—50  40  (23.39)  1  (2.5)
50—65  38  (22.22)  0
> 65  48  (28.07)  5  (10.42)
Gender  1
Male 115 (67.25)  4  (3.8)
Female 56 (32.75)  2  (3.57)
BMI 0.35
< 25  101  (60.12)  2  (1.98)
25—30  47  (27.98)  3  (6.38)
> 30  20  (11.90)  1  (5)
ASA 0.01
1 88 (51.46)  0
> 1 83 (48.54)  6  (7.23)
Diabetes  0.02
Yes 16  (9.52)  3  (1.97)
No 152  (90.48)  3  (18.75)
Smoking  1
Yes 42  (24.56)  1  (3.88)
No 129  (75.44)  5  (2.38)
Alcohol  consumption  0.57
Yes 15  (9.15)  1  (6.67)
No 149  (90.85)  5  (3.36)
PAI/AC  0.14
Yes 20  (11.7)  2  (1)
No 151  (88.3)  4  (2.65)
Site 0.09
Upper  cervical 16 (9.36)  2  (12.50)
Lower  cervical 49 (28.65)  0
Thoracic 12 (7.02)  1  (8.33)
Thoracic-lumbar 77 (45.03)  3  (3.90)
Lumbar  17  (9.94)  0
Neurological  impairment 1
Yes  50  (29.24)  2  (4)
No 121  (70.76)  4  (3.31)
PAI: platelet aggregation inhibitors; AC: anticoagulants; BMI:
body mass index.
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of  3.55%,  the  current  series  is  consistent  with  these  pub-
lished  series,  even  though  multiple-trauma  patients  were
not  included.  It  also  conﬁrms  that  surgery  for  spinal  trauma
is  itself  a  risk  factor  for  SSI  [20].han  ﬁve  days  was  found  to  be  signiﬁcantly  related  to  SSI.
he  statistical  relationship  of  all  the  variables  to  a  SSI  in
his  study  can  be  found  in  Table  2  and  Table  3.  In  most  cases
hen  a  variable  was  not  statistically  related  to  infection,  the
ower  of  the  univariate  test  was  less  than  30%.  The  hospi-
al  stay  was  longer  (average  of  28  days)  and  death  occurred
ore  often  in  the  SSI  group  (1/6  vs.  5/163)  Table  4.  The
eath  in  the  SSI  group  was  related  to  the  infection.G.  Lonjon  et  al.
iscussion
imitations
his  was  a  unique  spinal  trauma  study.  Since  only  two
atients  were  lost  to  follow-up,  this  study  was  quite  exhaus-
ive  and  provided  a  good  estimate  of  the  infection  rate  and
n  evaluation  of  infection  risk  factors.  Because  this  was  a
rospective  study,  the  risk  factors  could  be  evaluated  more
xtensively,  especially  the  operating  suite  data  that  are
ften  hard  to  ﬁnd  during  retrospective  studies.  However,  the
urrent  study  had  methodological  limitations.  Because  the
ecruitment  period  was  short,  not  enough  positive  events
SSI)  occurred  to  perform  a  multivariate  analysis  with  logis-
ical  regression  [13]. The  overall  SSI  rate  (3.55%)  must  be
empered  on  two  aspects  when  compared  to  the  infection
ate  reported  in  other  series.  First,  multiple  trauma  patients
ith  a  high  risk  of  infection  were  intentionally  excluded
rom  the  study,  which  reduced  the  overall  infection  rate.
econd,  the  three-month  results  do  not  take  into  account
he  medical  and  legal  deﬁnition  of  a  nosocomial  infec-
ion  and  select  for  a  smaller  number  of  events.  However,
he  current  study  was  intentionally  focussed  on  infections
ppearing  early  on.
nfection  rate
ublished  SSI  rates  for  spine  surgery  range  from  0.5%  to  12%
2,14].  This  wide  range  of  infection  rates  is  related  to  the
eterogeneity  of  the  various  series:  large  variation  in  aver-
ge  age  (35  to  64  years  [5,15]), type  of  procedure  (herniated
isc,  degenerated  spine,  deformation)  [16], and  presence
f  ﬁxation  hardware.  As  an  example,  Keller  and  Papas  [17]
eported  that  the  SSI  rate  increased  from  2%  to  6%  when
nternal  ﬁxation  was  used.  Another  source  of  variability  was
he  deﬁnition  of  the  infection  itself.  The  deﬁnition  of  an
SI  is  relative  precise  [18], but  there  is  some  subjectivity  in
he  clinical  criteria.  Superﬁcial  infections  that  are  limited  to
bove  the  fascia  and  deep  infections  that  go  all  the  way  to
he  surgical  site  are  differentiated  in  published  reports.  This
eads  to  a  vague  distinction  between  a  superﬁcial  infection
nd  a  ‘‘wound  healing  disturbance’’.  The  concept  of  wound
ealing  disturbance  is  used  to  emphasize  the  aseptic  and
ransient  nature  of  the  reaction,  but  with  a  possible  pro-
ression  to  a  SSI.  Although  these  circumstances  are  common
n  peripheral  trauma  cases,  it  was  not  reported  in  the  cur-
ent  series.  Lim  et  al.  [19]  noted  that  few  published  reports
peciﬁcally  describe  spinal  trauma  SSI  [4,5]. The  rates  were
igh  overall,  but  some  variability  was  apparent.  The  most
igniﬁcant  work  was  the  SRS  (Scoliosis  Research  Society)
eries  sub-group,  which  looked  at  more  than  6000  cases  and
eported  a  SSI  rate  of  2%  [2].  Rechtine  et  al.  [5]  reported
 SSI  rate  of  10.2%  for  117  fractures  at  the  thoracic-lumbar
unction  and  Blam  et  al.  [4]  reported  a  SSI  rate  of  9.4%  for
56  cases  of  surgically-treated  spinal  trauma.  With  a  SSI  rate
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Table  3  Univariate  analysis  of  potential  surgical  site  infection  risk  factors  during  the  intra-operative  period.
Number  (%)  Infection  (%)  P
Procedure  duration  0.002
< 3  hours  162  (94.74)  3  (1.85)
> 3  hours  9  (5.26)  3  (33.33)
Surgery time  1
Day 138  (80.7)  5  (3.62)
Night 33  (19.3)  1  (3.03)
Approach 0.18
Anterior 50 (29.24)  0
Posterior 115 (70.76)  6  (4.96)
Minimally invasive  0.6
Yes 35  (20.47)  0
No 136  (79.53)  6  (4.44)
Delay between  accident  and  procedure  0.03
0—3 days  105  (61.4)  1  (0.95)
> 3  days  66  (38.6)  5  (7.58)
Bleeding (cc) 0.04
<  600 132 (85.71)  3  (2.27)
> 600 22 (14.29)  3  (13.64)
Intra-op transfusion  0.06
Yes 10  (5.95)  2  (20)
No 158  (94.05)  4  (2.52)
Number of  instrumented  levels  0.04
2—3 92  (60)  1  (1.08)
> 3  62  (40)  5  (8.06)
NNISS 0.06
0 143  (83.63)  3  (2.19)
> 0  28  (16.37)  3  (10.71)
Extended bed  rest  (>  30  days)  0.11
Yes 14  (8.64)  2  (14.29)
No 149  (91.36)  4  (2.7)
Drain 0.09
< 3  days  98  (82.35)  3  (3.06)
> 3  days  21  (17.65)  3  (14.29)
Urinary catheter 0.01
<  5  days  97  (78.23)  2  (2.06)
> 5  days  27  (21.
Risk  factors
Previously  identiﬁed  SSI  risk  factors  for  spine  surgery  are
summarised  in  Table  5  [4,5,15,20—31]  or  found  in  the
Table  4  Raw  data  for  secondary  endpoints.
Duration  of
hospital  stay
(average)
Mortality  at
3  months
Number  (%)
Non-SSI  14.72  5/163  (3.14)
SSI 42.5  1/6  (16.67)
SSI: surgical site infection.
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s77)  4  (14.81)
eview  by  Schuster  et  al.  [6],  but  these  were  often  out-
ide  the  context  of  trauma.  Of  the  two  published  reports
hat  were  speciﬁc  to  spinal  trauma,  only  Blam  et  al.  [4]
erformed  a  true  statistical  analysis.  They  identiﬁed  the
ollowing  risk  factors:  age,  duration  of  stay  in  the  inten-
ive  care  unit  before  and  after  the  surgery,  delay  between
ccident  and  procedure,  number  of  levels  fused,  presence
f  co-morbidities,  only  one  surgeon  involved,  cervical  and
horacic  locations,  and  posterior  approach.  When  a  multi-
ariate  analysis  was  performed,  only  delay  of  more  than
ix  days  before  surgery,  postoperative  intensive  care  stay
nd  single  surgeon  involvement  were  signiﬁcant.  Note  that
 combined  operative  team  (neurosurgeon  and  orthopaedic
urgeon)  seemed  to  protect  against  the  occurrence  of  a  SSI.
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Table  5  Literature  review  of  signiﬁcant  surgical  site  infection  risk  factors  during  spine  surgery.
Variables  SOFCOTa,  2011  Blam  et  al.,  in
2003  [4]a
Rechtine  et  al.,
in  2001  [5]a
Wimmer  et  al.,
in  1998  [21]
Olsen  et  al.,  in
2003  [22]
Apisarnthanarak
et  al,  in  2003
[15]
Fang  et  al.,  in
2005  [23]
Friedman
et  al.,  in  2007
[24]
Age  X  X  X  X
BMI X  X  X  X
Weight loss  X  X
Diabetes/glucose  X  X  X  X  X  X
Smoking X  X  X  X
ASA X  X  X  X
Chemo/radiation  therapy  X
History of  spine  surgery  X
Thoracic site  X  X  X
Neurological Imp.  X  X
A-P delay X  X  X  X
Procedure time  X  X  X  X
Bleeding X  X  X
Transfusion X
No. fused  levels  X  X  X  X
Posterior approach  X  X
Other Urinary
catheter
Intensive
careb,
combined
surgical  team,
cervical  site
Alcohol/Drug
use,
corticosteroids
Cancerb,
microscope
History  of
infection,
combined
approach
Alcohol/Drug
use
Variables Olsen et  al.,  in
2008  [25]
Veeravagu
et  al.,  in  2009
[27]
Demura  et  al.,
in  2009  [26]
Maragakis
et  al.,  in  2009
[28]
Watanabe
et  al.,  in  2010
[20]
Pull  ter  Gunne
et al.,  in  2010
[29]
Koutsoumbelis
et  al.,  in  2011
[30]
Rao  et  al.,  in
2011  [31]
Age  X  X
BMI X  X  X  X  X
Weight loss  X
Diabetes/glucose  X  X  X  X
Smoking X
ASA X  X  X  X  X
Chemo/radiation  therapy  X  X
History of  spine  surgery  X  X
Thoracic site
Neurological  Imp.  X
A-P delay  X
Procedure  time  X  X  X  X  X
Surgical  site  infections  in  spinal  trauma  
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he  current  study  revealed  many  SSI  risk  factors  that  were
onsistent  with  the  published  literature:  advanced  age,  obe-
ity,  diabetes,  high  ASA  score,  procedure  time,  extent  of
ntra-operative  bleeding  and  number  of  fused  levels.  Most  of
hese  variables  cannot  be  modiﬁed  by  a  surgeon  who  wants
o  prevent  infections.  Conversely,  an  anterior  approach  [31]
nd  minimally-invasive  techniques  [32]  seem  to  have  fewer
SI  complications,  which  may  lead  the  surgeon  to  choosing
ifferent  modalities  to  treat  the  spinal  fracture.
onclusion
he  SSI  rate  during  spinal  trauma  surgery  was  more  than
%  in  the  current  prospective  patient  series.  This  infection
ate  and  the  identiﬁed  risk  factors  were  consistent  with  pub-
ished  data.  Some  of  these  factors  cannot  be  easily  modiﬁed
o  prevent  infections,  but  being  aware  of  them  can  help
ncrease  vigilance.
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